In this paper, the current control strategy of permanent magnet synchronous motor (PMSM) is introduced and the advantages and disadvantages of each method are compared and analyzed. At the same time, from the angle of different speed of permanent magnet synchronous motor, the principle of position sensor less control algorithm is introduced, and the advantages and disadvantages of each algorithm are compared and analyzed.
INTRODUCTION
All aspects of contemporary social life are inseparable from the motor. In particular, the development needs of the new era makes the motor more and more into the national life, the motor in which the role of the screw, although small but indispensable. PMSM because of its small size, high power factor, the advantages of fast response, easy to maintain, it play an increasingly important role in many occasions, including the application of the unmanned ship will be important application scenario.
CONTROL STRATEGY OF PMSM

Vector control
Vector control, also known as rotor field orientation control (FOC) by Dr. F. Blacked in the 1960s [1] . PMSM is a non-linear, strongly coupled motor. Its control method is also different from the general motor control. The coordinate transformation makes the torque component and the alternating current component of the AC motor independent control, thus realizing the three-phase AC motor to simulate the DC motor torque control law, will let the vector control theory solve the AC motor torque high performance control problem to get the DC motor well Dynamic performance. _________________________________________ For three-phase PMSM vector control technology, usually including the speed control loop, current control loop and inverter control algorithm main parts. As shown in Figure 1 . After nearly 50 years of development, many experts and scholars conducted in-depth study, put forward the corresponding control method. The methods that can be used are: id = 0 control, power factor cost = 1 control, constant flux linkage control, field weakening control.
Direct torque control
DTC was proposed by a. b. Pinkest in 1977. In 1985, Professor M. Depenbrock of Germany realized direct torque control [2] . By controlling the stator flux linkage, the direct torque control is realized by calculating the stator flow and current, and the flow and torque of the motor in the stator coordinate system are calculated. The advantage is that the trouble of coordinate conversion is saved, and the influence of the variation of the motor parameters becomes small, and the rapid response capability of the motor is improved, and the torque and running state of the motor can be directly controlled. This control strategy is generally applied to the narrow speed range, torque requirements of low requirements, in addition, the motor control performance is far from achieving the production requirements [3, 4] .
POSITION SENSORLESS CONTROL ALGORITHM FOR PMSM
With the further development of permanent magnet synchronous motor, its application areas are more and more, the motor working environment is more and more complex, such as high temperature, humid environment abound. At the same time taking into account the cost and manufacturing process, making the direction of the development of the motor tends to position sensor less.
By analyzing the structure of the motor, the position sensor less control is usually divided into two types. The first is based on the position estimation design method of the salient pole response of the PMSM; the second type is the position estimation design method based on the electromagnetic relationship of the PMSM. At this time can only use the motor's salient pole response to determine the motor position and speed information. The second type of application is to use the motor running at high speed, through the PMSM in the base frequency voltage excitation response to estimate the motor rotor space position.
Based on the stator current is the state variable, the voltage equations of the PMSM in the stationary reference frame fixed to the stator are given by (2-1). 
Low speed or zero speed sensor less control algorithm
From (2-2), PMSM at low speed or zero speed permanent magnet synchronous motor back electromotive force is very small, it cannot accurately obtain the precise rotor position and speed information and changes in motor parameters and measurement of noise, low-speed zone control performance is not ideal. Using the salient pole characteristics of the motor is one of the most effective ways to solve the PMSM speed sensor at low speed or zero speed, Scholars have proposed a signal injection method used to solve the motor in the low speed operation cannot observe the speed of the problem [5] . According to the motor to inject current or voltage frequency, the signal injection method can be divided into rotating high frequency voltage injection method and rotating high frequency current injection method [6, 7] .
In order to obtain the mathematical model under high frequency excitation, the fundamental mathematical model of rebuilt three-phase PMSM:
The stator flux equation is
Substituting (2-4) into (2-3), the voltage equation becomes
Change the equation (2-3) to the stationary coordinate system
Where:
Defines the inductance matrix in the stationary coordinate system
From (2-8), the inductance matrix contains rotor position information e  Usually, the frequency of the high frequency injection signal is higher than the fundamental frequency of the motor e  , so three-phase PMSM can be considered as a simple RL circuit, the voltage equation of the three -phase PMSM under highfrequency excitation can be simplified 
1) Rotating high frequency voltage injection method
This method is based on the base wave excitation on the basis of three-phase balance of high-frequency voltage excitation, and then detect the motor generated by the corresponding current, and through a specific signal processing, thus to obtain the motor rotor position and speed, Block diagram shown in Figure 2 . It can solve the built-in permanent magnet synchronous motor and surface mount permanent magnet synchronous motor low speed or even zero speed estimation [8] .
2) Rotating high frequency current injection method The rotating high frequency current injection method is to superimpose a threephase balanced high frequency current excitation on the fundamental excitation current, and the rotor position information is in the induced negative phase sequence high frequency voltage component phase. Rotary high frequency current injection method is the use of permanent magnet synchronous motor fundamental model, observed after the input high frequency current after the permanent magnet synchronous current peak, because the general voltage drive system are using voltage source inverter, not achieve accurate high frequency current injection, so the general rotation of high frequency current method is not commonly used [9, 10] .
Medium speed or high speed position sensor less control algorithm When the motor starts or reaches a certain speed, the rotor generated by the back electromotive force or flux chain contains the rotor position information, this time usually use the motor voltage equation to obtain the back EMF and flux. The position and speed of the rotor can be determined by transformation. Common methods are back electromotive force direct calculation method, model reference adaptive method, observer method, extended Kalman filter method, In addition there are artificial intelligence algorithm speed estimation methods such as neural networks, fuzzy control etc. [11, 12] . 1) Counter back electromotive force direct calculation method This algorithm is the most widely used, it is in the motor running in the high section can get accurate and reliable estimates, combined with the vector control strategy can get good dynamic performance. The overall idea is: by sampling the motor stator instantaneous terminal voltage and terminal current, calculate the motor stator flux, rotor flux and back EMF vector phase, to get the rotor position information, and then further get speed information [13, 14] .
The advantage of this method is that the position of the rotor is estimated from the measured stator current voltage, there is no iterative operation in the algorithm, so the results of each calculation are not affected by the previous results. This ensures that the sensor less algorithm has a faster dynamic response speed and improves the frequency response bandwidth of the entire control system. The disadvantage of this method is that it is necessary to know in advance some of the parameters of the motor, such as stator resistance, stator inductance, phase current and phase voltage, but often in the measurement of these parameters will always be inaccurate conditions, the corresponding The error of the results of the algorithm, the operation of the motor adversely affected.
2) Model Reference Adaptive Method The main idea is to use the motor model with unknown parameters as the adjustable model. The model with no position parameter is used as the reference model. The two models work at the same time, and the difference of the output value is adjusted according to the appropriate adaptive rate the parameters of the model are used to achieve the purpose of the control object's output tracking reference model [15] . The problem with this approach is how to select the reference model and the adjustable model, and select the adaptive rate. Previous studies have found that the motor model usually has a current model and a voltage model, and the current performance of the current model is superior. In this case, there is a Lyapunov stability law [16] , a wave of stability [17] etc. The advantage of this method is that, after the measurement of the position and speed of the motor, the system of the motor is also identified, making it robust. In addition the system depends entirely on the reference model, which relies relatively on the complexity of the system.
3) Observer method Observer method is the most of these methods in the study of scholars, but also the results of a method. Observer method is the most of these methods in the study of scholars, but also the results of a method. The observer method is essentially a state reconstruction, that is, to reconstruct a system, using the variables that can be measured directly in the original system as its input signal and make its reconstructed state equivalent to the original system state under certain conditions. The principle of equivalence is that the error of the two can progress to zero in the dynamic change. The system used to implement the reconstruction is called an observer. Often the use of the observer method with other control algorithms has a better control of the motor. In this paper, the self-adaptive full-order observer, the extended Kalman filter and the slanting filter are developed in the permanent magnet synchronous motor without position control technology, which combines the achievements of many scientific fields, combined with the combination of the forefront of thought and creativity, Modal observer etc. [18] .
